AN AUTOMATIC BROADCAST WAVE TUNING DEVICE FOR RDS RECEIVER

This invention relates to an autometic broadcast
wave tuning device and, more particularly,-to en auto-
matic broadcast wave tuning device for a radio data
system (hereinafter referred to as RDS) receiver to
receive RDS data wherein the radioc receiver is con-

-trolled.to tune in a broadcast wave bearing-RDS deata-.

transmitted by a broadcesting station.

As a wvell known radio service, a raedioc data sy¥stem
(RDS) is common in Europe for providing broadcast wave
listeners with 2 radio service. In such RDS, informa-
tive datz relating to brcadcast programs are transmitted
simulteneously with the brocadcast programs in a multi-
Plex modulation from brosdcasting stations and, upon
receiving the broadcast waves, & desired broadcast
program is selected by a broadcast wave listener based
on demodulated data.

The RDS is a data system standardized in the
Europe Broedcasting Union (EBU), wherein the data relat-
ing to the broadcast such as broadcast programs and the
like are coded into a two phase Differential Phase Shift
Keying (DPSK) signal having a bit rate of 1187.5 bps,
and these coded data are transmitted by frequency-modu-
leting a sub-carrier in such that modulating a 57 KH:z

sub-carrier in accordance with a double-sideband cerrier



suppression amplitude modulation.

In the RDS, the whole data are transmitted as a
unit which is called a group consisting of 104 bits.

One group in turn consists of four blocks and each of
which consists of 26 bits. The data contained in each
group are prescribed depending on their locations,
whereby 16 bits of the first block always designate a
program identificetion code {(PI code), while in the
second block, first 5 bits designate a group-type code,
the next one bit designates a traffic-program identifi-
cation code (TP code), and the next succeeding 5 bits
designete 2 program type code (PTY ccde).

Further, the contents of the remaining are a
traffic ehnouncement identification code (TA code),
program service name data (PS data) such as broadcasting
station names, broadcasting network names and the like,
and a list of alternative frequencies data (AF data) for
identifying broadcasting network stations which broad-
cast the same program.

In a motor vehicle-mounted RDS receiver, it is
quite often to encounter with a poor reception while in
listening to a broadcast during a motor vehicle travel.
However, in the RDS broadcast, since the AF data of the
broadcasting stations within the same broadcasting
network, which stations are broadcasting the same broad-
cast program on different frequencies, are available as

described above, it is possible to tune in another



broadcasting station within the same broadcesting net-
work having a greater signal level, or a stronger elec-
tric field strength, than that of the broadcasting
station presently tuned in based on the AF date stored
in a2 memory for chasing the same broadcast program.

- However, there has been & problem for causing
faulty operation of the RDS receiver depending on a

course of the motor vehicle such that the RDS receiver

mi

m

ht come acress a broadcesting station, out of but |
neighboring to the broadceasting network, having the AF
dztz allocated to the same frequency as that of the
broedcesting station within the broadcesting network, or
the RDS receiver might tune in a wrong program &s there
are so-celled non RDS broadcasting stations which are
not capaBle of trensmitting RDS date. This kind of
faulty operaticn often happens when the motor vehicle is
driven through meny countries in Europe along the bound-
aries.

Further, frong AT data may have been stored in a
memory due to unknown reason in a-duration of demodulat-
ing the received RDS data and this results in & problem
for causing improper selection in the automatic tuning
operation. A prior-art-type automatic tuning device is
disclosed, for example, in the patent application laid-
open No. JP-2-105713.

It is therefore an object of this invention to

elininate the problems encountered by prior-art-type RDS



receivers and to provide an automatic broadcast wave
tuning device being capable of preventing a RDS receiver

from feulty operation.

An automatic broadcast wave tuning device for a
RDS receiver embodying the present invention comprises
an alternative. frequencies data memory for storing at

least one or more lists of alternative frequencies data
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ing traznsmitted formerly by the broadcasting stations
in contact and a controller. It is characterized in that
e
the controller provides a control for setting a
frequency dividing ratio of a phase-locked loop in
such a wey &s:to enforce the RDS receiver back to re-
ceive the former broadcast wave by setting a2 forbidden
flag for forbidding the receiving frequency from chang-
ing, within the same broadcasting network, under such
conditions as being unable to receive a network identi-
fication code but a2 receiving signal level of a broad-
cast wave within the same broadcasting network is sbove
a predetermined signal level; or to enforce the RDS
receiver back to receive the former, immediately earlier,
broadcast wave and setting the forbidden flag without
discriminating the receiving signal level to forbid the
RDS receiver from changing to receive & broadcast wave

of the station having the forbidden flag

when it is able to receive the broadcasting
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network identification code but it fails to coincide with
that of the broadcesting station presently in contact.

The controller in accordance with this invention
néy(jeck,upmlinitumion of automatic tuning, program
identification codes of the broadcasting stations, which
ere designated by the stored list of slternative fre-.
quencies data, starting from the broadcasting station
presently in reception._.then.to others. Thus .if. the
program identification code is detected to be wrong, it
rust be either a wreong list of elternative freguencies
data is stored
or the stored liét'of alternative frequencies data must
be one &ssigned to & broadcasting station in another
broadcasting network, and a forbidden flag is set,
individually to respective data in the stored list of
alternative frequencies datsa.

Further, if it is impossible to receive any of the
program identification codes, since it is hard to deter-
mine whether the broadcasting station is a non RDS
broadcasting station having no program identificetion
code or the broadcasting station is a RDS broadcasting
station but the broadcast wave from which is too weak to
recognize the program identification code, it is deter-
mined whether or not the receiving signal level is at or
above the predetermined signal level, and if it is,
the broadcasting station is considered to be a non RDS

broadcesting station and e forbidden flag



is set thereto.

Accordingly, from the next operation for the
automatic reception frequency tuning, the frequency
dividing ratio of the phase-locked loop circuit is
controlled in order to select the best broadcast station by
discriminating receiving signal levels of the broadcast
waves transmitted by all the broadcasting stations bearing
no forbidden flag.

The invention will be further described by way of
non-limitative example with reference to the accompanying

drawings, in which:-

Fig. 1 is a block diagram showing an automatic
broadcast wave tuning device for a RDS receiver embody-
ing the present invention; and

Fig. 2 is 2 flowchart showing operationel steps to
be implemented by the controller installed in the auto-

matic broadcast wave tuning device of Fig. 1.

A preferred embodiment of this invention will now
be described in detail by referring to the accompanying
drawings. Referring to Fig. 1, there is shown a block
diagram illustrating an automatic broadcast wave tuning
device for a RDS receiver to implement the automatic
tuning operation in accordance with the present inven-
tion.

In Fig. 1, an element 1 designates an antenna, FM
multiplex broadcest waves received by the antenna 1 are

fed to a front end 2 for selectively receiving & desired



broadcast wave of an selected broadcasting station, and
thereby the selected broadcast wave is converted into an
intermediate frequency (IF) and fed to & frequency
discriminator (FM detector) 3.

The front end 2 is under the control of a phase-
locked loop {hereinafter referred to as PLL) circuit 6
including a programmable frequency divider (will be
described..in. detail hereinafter), a dividing ratio .of
which is controlled by a contrpller 10 for providing the
tuning operation.

A discrimingtqd output of the frequency discrimi-
nator 3 is fed to é multiplex (hereinafter referred to
es MPX) demodulator circuit 5 through & noise canceller
{hereinafter referred to as Nk) 4 for deriving a L
(left) channel signal and a R (right) channel signal
therefrom in case of a stereophonic broadcasting.

A RDS deta signal is extracted from the discrimi-
nated output of the frequency discriminator 3 by passing
through 2 57 KHz band-pass filter 8 and fed to a RDS
decoder 9 for decoding it into data readable by the
controller 10. The controller 10 contains an AF memory
11, wherein stored are obtained informative datea relat-
ing to the broadcasting stations in contact (aforesaid
data PI, AF, PS, TP, TA and the like).

Further, there is provided & level detector 7 for
detecting a received signal level (electric field

Strength level) based on the IF signal level fed from



the frequency discriminator 3. The received signal
level detected by the level detector 7 is then fed to
the controller 10.

In operation, FM multiplex broadcast waves re-
ceived by the antenna 1 are fed to the front end 2,
whereby a broadcast wave of a desired broadcasting

station is selected and applied to the freguency dis-

.criminator 3 after _being converted into the intermediate

frecuency.

A Ciscriminazted output of the fregquency discrimi-
nater 3 is fed to the MPX demodulator circuit 5 through
the NK 4, and which discriminated output is then decoded
for outputiing the L and R channel audio signals there-
from in case of the'stereophonic broadcasting.

Further, the discriminated output of the frequency
discriminator 3 is fed to the RDS decoder 9 through the
57 KHz band-pass filter 8, and thereby the discriminated
output is decoded into data readable by the controller
10. |

The controller 10 takes in the informative data
PI, AF, PS, TP, TA and the like, and stores the AF datea
in the AF memory 11.

The level detector 7 detects a received signal
level (electric field strength level) based on the IF
signal level fed from the frequency discriminator 3, and

feeqs a detected resultant to the controller 10.

Operational steps to be implemented by the con-



troller 10 of the automatic broadcast wave tuning device
of Fig. 1 will be described by referring to the flow-
chart shown in Fig. 2.

The following table 1 illustrates the data stored

in the AF memory 11.

. AY  frequency | forbidden flag i
AF memory date storzge area , Storage area f
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Table 1

In the table 1 a2bove, AF data lists are shown by
characters of fi1, fz2, f3 ... fu, whereby the AF data list
fi3, for example, is ezccompanied by a forbidden flag
It is zssumed that dzta representing more than one
broadcesting station are stored in the AF memory 11 at
an AF frequency data storage area shown in the table 1.

At step S1, the PI code of the broadcasting sta-
tion presently tuned in is registered at the AF memory
11 conteined in the controller 10 as being fed through
the 57 Kiz band-pass filter 8 and the RDS decoder ¢, and
all that the discriminated output of the frequency

discriminator 3 is detected at the level detector 7 for
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deriving the received signal level therefrom and the
derived signal level is also regis£ered at the AF memory
11 in the controller 10.

After registering the data at the AF memory 11 in
the controller 10, the program goes to step S2. At step
S2, one of the stored AF data with no forbidden flag is
selected and read from the AF memory 11, setting é
freaquency divisional ratio for the PLL circuit 6 based
orn the read out AT date, and then the front end 2 initi-
ates the tune-in operetion in accordance with the fre;
quency divisional ;atio being set for receiving the

broadcast wave of the AF station that corresponds to the

y—

selected AF data.

It is then determined, by comparison, at step S3
whether ér not & received signal level of the AF station
is greater than that of the former broadcasting station.
If it is not, the program goes to step S7, whereas, if
it is, it is then determined at step S4, after a prede-
termined period of time, whether or not the PI code of
the AF station is detectable. If it is not, the program
goes to step 59, whereas, if it is determined that the
FI code is detectable at step S4, it is then checked at
Step S5 whether or not the detected PI code coincides
with the PI code registered in the AF memory 11 at step

S1. If it is not, the program goes to step S6, whereas,

f it is, the program goes to step S8 for receiving the

Yr
cadcast wave from the AF station, in other words, the
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reception of broadcast wave is switched from the former
broadcasting station to a newly selected AF station.

-If it is determined at step S3 that the received
signal level of the AF station is not greater than that
of the former broadcasting station, or if it is deter-
mined at step S4 that the PI code of the AF station is
not detectable and that the received signal level of the
AF station is determined to be_less than a predetermined
signal level of Vp a1l step S99, the program goes to step
S7 for receiving_thp broadcast wave transmitted by the
former broadcastiﬁg station without setting the forbid-
den flag to the correspending AF data. That is a state
of awaiting for the next chance.

At step S9, if it is determined that the received
signal level of the AF station detected at the signal
level detector 7 is greater than the predetermined
signal level Vp, the program goes to step S6, set-
ting the forbidden flag to the corresponding AF data.

In like way, if it is determined at step S5 that
the PI code of the AF station is not the same as that of
the data stored in the AF memory 11, the program goes to
step S§6, writing the forbidden flag into the corre-
sponding forbidden flag storage area {(shown in the table
1) of the AF memory 11.

Upon implementation of step S6 as described above,
the program goes to step S7, whereby the RDS receiver is

brought back to tune in the former broadcasting station.
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Accordingly, the AF data accompanying the forbid-
den flag will no longer be selected in the operational
step of S2, thus preventiné the malfunction of the
automatic broadcast wave tuning device while in the
tuning operation.

In the embodiment described above, the received
signal level of the AF.station has been compared one
after _another with the signal_.level of the broadcasting
staticn presently in reception, however, the present
invention can be.u}ilized in such an automatic system
wherein a part of the whole frequencies that correspond
to the stored AF data in the AF memory 11 mayv be checked
successively for selecting the best broadcasting station
to tune in.

As it has been described above, in accordance with
this invention, the forbidden flag is provided not only
when it is determined that the received PI code is not
identical with the one being stored while the AF station
coincides with a RDS station in a different broadcasting
network, but when it is assumed that the AF station is a
non RDS station through the implementation of the opera-
tional step for determining whether or not the received
signal level of the AF station is at or above the prede-
termined signal level in case of not receiving the PI
code of the AF station. Therefore, it is possible to
prevent the RDS receiver from causing malfunction in the

operation against the RDS or non RDS broadcasting sta-
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tions.

It is to be understood by those skilled in the art
that the foregoing descriptions releste only to preferred
embodiment of the invention and that various changes and

modifications may be made in the invention without

departing from the spirit and scope thereof.
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CLAIMS
1. An automatic broadcast wave tuning device for a
radio data system (RDS) receiver comprising:

a front end unit (2) for receiving a RDS broadcast
wave carrying a list of alternative frequencies data (AF)
and a program identification code (PI) of a group of
broadcasting stations, which belong to the same
broadcasting network, by tuning in a broadcasting station
within the same broadcasting network:

a phase—19cked loop (PLL) circuit (6) for
performing the fune—in operation of the front end unit (2)
by varying a frequency dividing ratio thereof;

a frequency discriminator (3) for discriminating a
frequenqy modulated (FM) signal output of the front end
unit (2); '

~a multiplex demodulator circuit (5) for outputting
an audio signal by demodulating a discriminated output of
the frequency discriminator (3);

a level detector (7) for detecting a received
signal level by accepting the discriminated output of the
frequency discriminator (3);

a RDS decoder (9) for decoding the discriminated
output of the frequency discriminator (3) into prescribed

readable data;

is Sheet Has Been Replaced
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an alternative frequencies (AF) data memory (11)
for storing the program identification code (PI) carried by
the broadcast wave presently tuned in; and

a controller (10) connected to tﬁe phase-locked
loop (PLL) circuit (6), the level detector (7) and the RDS
decoder (9) for controlling the frequency dividing ratio of
the phase-locked loop (PLL) circuit (6) by receiving a
detected éutput of the level detector (7) and a decoded
ocutput of the RDS decoder (9), characterized in that

control is performed such that it is determined
whether or not thé program identification code (PI) of an
alternative station is readable based on the detected
output of the level detector (7), when it is determined
that the program identification code (PI) is unreadable but
a received signal-level of the broadcast wave of the
broadcasting station within the same broadcasting network
is at or above a predetermined signal level, the frequency
dividing ratio of the phase-locked loop (PLL) circuit (6)
is so cqntrolled as to tune in the former broadcast wave
and a forbidden flag is set to the corresponding frequency
of the alternative station for forbidding the next tune—in
to that station, whereas when it is determined that the
program identification code (PI) is readable but the
readable program identification code (PI) is not identical
with that of the broadcast wave presently tuned in, the

frequency dividing ratio of the phase-locked loop (PLL)
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circuit (6) is so controlled, without discriminating a
level of the received signal from the detected output of
the level detector (7), as to return to tune in the former
broadcast wave and a forbidden flag is set to the fregquency
of the alternative station to prevent switching to that
station carrying the forbidden flat in the next switching

operation within the same broadcasting network.

2. An automatic broadcast wave tuning device as
defined in claim 1, further including a band-pass filter
(8) interposed between the frequency discriminator (2) and

the RDS decoder (9).

3. An automatic broadcast wave tuning device as
defined in claim 1 or 2, further including a noise
canceller (4) interposed between the frequency
discriminator (3) and the multiplex demodulator circuit

(5) .

4. An automatic broadcast wave tuning device as
defined in claim 1, 2 or 3 wherein said alternative
frequencies data memory (11) is contained in the controller

(10).
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5. An automatic broadcast wave tuning device as
defined in claim 1, 2, 3 or 4 wherein said alternative
frequencies data memory (11) has an AF data storage area
for storing AF data and a forbidden flag storage area for

storing forbidden flags.

6. An RDS receiver including an automatic broadcast
wave tuning device according to any one of the preceding

claims.
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